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This paper presents an experimental and theoretical investigation on the macroscopic mechanical behavior
of shape memory alloys (SMAs) ﬁber-reinforced glass/resin composite subject to uniaxial loading at
ambient temperature. A series of unidirectional SMAs reinforced composite laminates is fabricated through
vacuum-assisted resin injection. Scanning electron microscopy is conducted to evaluate the interfacial
cohesive quality between SMAs ﬁber and matrix. A theoretical model is proposed based on the SMAs phase
transformation model and rule of mixture. Uniaxial tensile tests are performed to study the effects of weak
interface and SMAs ﬁber volume fraction on the effective modulus of composite. Failure morphology of
composite is discussed based on the observation using digital HF microscope. Due to the effects of phase
transformation and weak interface, the overall stiffness of SMAs composite at the second stage is on
average 10% lower than theoretical results. The rupture elongation of experimental result is approximately
13% higher than theoretical result. The local interfacial debonding between SMAs ﬁber and glass/resin
matrix is the main failure mode.
Keywords composite, mechanical behavior, shape memory
alloys, weak interface
1. Introduction
Shape memory alloys (SMAs) are gaining interest in the
aerospace, automotive, civil engineering, and medical indus-
tries due to their unique characteristics, such as shape memory
effect (SME), super-elasticity (SE), and high damping capacity.
To design an intelligent composite or smart structure, the SMAs
ﬁber are usually ﬁlled or embedded into host materials, for
instance the epoxy resin, metal matrix, and hybrid laminate
plate (Ref 1-3). The SME and SE properties can effectively
reduce the local stress concentration in composite as well as
increase fracture toughness. However, the enhancement and
toughness effects are often limited by the weak interfacial
cohesive between SMAs ﬁber and matrix (Ref 4). Thus, it is
essential to investigate the macroscopic mechanical behavior of
SMAs ﬁber-reinforced composite.
Many researchers have investigated the macroscopic
mechanical response of SMAs reinforced composite subjected
to various loading conditions through experimental tests, and
found that the embedment of SMAs could effectively improve
the overall structural response of host materials in terms of
stiffness and strength (Ref 5-11). Fathollah et al. (Ref 5)
assumed the bond between the SMAs wires and matrix was
intact, and evaluated the mechanical properties of SMAs hybrid
composite plate based on a standard rule of mixtures (ROM)
micromechanics relation. Raghavan et al. (Ref 6) evaluated the
potential of super-elastic SMAs ﬁbers to enhance the damping
capacity and toughness of a thermoset polymer matrix, and they
conﬁrmed that the mechanical properties of polymer matrix
were signiﬁcantly improved due to the reinforcement with
super-elastic SMAs ﬁbers by experimental tests, such as
damping, strength, and impact property. Zhou and Lloyd
(Ref 7) introduced a method to fabricated SMAs hybrid
composite, and characterized the bending behavior of SMAs
reinforced E-glass/epoxy beams through experiment. It was
observed that the end deﬂections of beam was up to 41 mm due
to the derived SMAs wire. Aurrekoetxea et al. (Ref 8)
investigated the effect of super-elastic SMAs wire on the
low-velocity impact properties of carbon ﬁber-reinforced
composite through instrumented impact tests. They suggested
that the contribution of the SMA wires to the higher impact
performance of the hybrid composite was attributed to their
energy absorbing capability, and the high reversible force that
acted as a healing force. Zhang et al. (Ref 9) investigated the
ﬂexural rigidity of short-SMA-ﬁber-reinforced epoxy compos-
ite, and performed three-point bending test at a constant
temperature. The effects of weight fraction on ﬂexural rigidity
and storage modulus were discussed. A model for the laminated
plates with SMA ﬁllers was presented to predict the dynamic
mechanical properties based on the Halpin-Tsai theory. Kang
and Kim (Ref 10) investigated the damage behavior and
residual properties of SMAs composite laminates subjected to
low-velocity impact at low temperatures. It was found that the
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inﬂuence of temperature on the impact damage behavior and
strength threshold energy of SMAs laminates was slightly
relative to base laminate. Pappada` et al. (Ref 11) investigated
the mechanical and vibration properties of super-elastic SMAs
ﬁber-reinforced glass/resin laminate plate. The experimental
results shown the impact strength of hybrid composite was
improved, while the ﬂexural mechanical properties were
decreased due to hybridization. It should be mentioned that
there was a common phenomenon in the experiments. The
interfacial debonding failure usually occurred between SMAs
ﬁber and matrix, which limited the enhancement effect of
SMAs ﬁber. In the previous studies (Ref 4, 12), the authors
have investigated the effect of interface between SMAs ﬁber
and matrix on the overall mechanical behaviors of composites
by experimental tests and ﬁnite element analysis.
Recently, several theoretical and ﬁnite element models have
been proposed to evaluate the effect of SMAs ﬁber when the
composite structures subjected to various loading conditions
(Ref 13-20). For instance, Tawﬁk et al. (Ref 13) utilized a
nonlinear ﬁnite element model to study the effectiveness of a
SMA-embedded isotropic panel on the critical buckling
temperature, postbuckling deﬂection, free vibration, and ﬂutter
boundary. Lu et al. (Ref 14) developed an 1D constitutive
relation of the SMAs lamina using the method of microme-
chanics. They assumed that the SMAs ﬁber was embedded into
the neutral plan of layer, and discussed the bending behavior of
SMAs-reinforced composite beam under various temperatures.
Kuo et al. (Ref 15) studied the buckling of SMAs reinforced
composite laminate using the active strain energy tuning and
active property tuning methods. The effects of SMAs ﬁber
volume fraction and prestrain level on the overall stiffness and
critical buckling load of composite were discussed. They found
that the enhancement was considerable when the SMAs ﬁbers
were concentrated in the center of the plate. John and Hariri
(Ref 16) investigated the effect of SMAs actuation on the
dynamic response of polymeric composite. They presented an
analytical solution for SMAs composite beam using Rayleigh-
Ritz method, and demonstrated the alteration of dynamic
structural properties using SMAs was possible, even though the
changes observed in experiment were rather small. Kim et al.
(Ref 17) investigated the damage resistance of composite plates
embedded with SMA thin ﬁlms under low velocity impact via
ﬁnite element simulation, and they found that embedding SMA
strips on the composite plate was effective to increase the
impact resistance of the composite plates. Actually, these
theoretical models were developed based on the assumption of
perfect interface between wires and matrix, resulting in strain
compatibility across the interface.
Fig. 1 Illustration of the fabrication of resin/glass SMAs hybrid
composite
Fig. 2 Typical specimens of SMAs hybrid composite with single
ﬁber, three ﬁbers, and ﬁve ﬁbers
Fig. 3 SEM micrographs of showing interfacial bond between
SMAs ﬁber and matrix material
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The objective of the present work was to investigate the
macroscopic mechanical behavior of SMAs ﬁber-reinforced
composite through experiment and theoretical analysis. A series
of unidirectional SMAs ﬁber-reinforced glass/resin composite
laminate was fabricated through vacuum-assisted resin injec-
tion (VARI). Scanning electron microscopy (SEM) and uniaxial
tensile test were performed to evaluate the interfacial cohesive
quality and overall effective modulus of composite. A theoret-
ical model was proposed based on SMAs phase transformation




The SMAs ﬁber in the present study was equal-atomic
super-elastic Ni-Ti alloy wire, and the diameter was 0.5 mm.
The host material was Unsaturated Polyester Resin 189 which
could be cured at ambient temperature. Dimethylaniline and
methyl ethyl ketone peroxide were selected as accelerating
agent and hardening agent, respectively. The resin was mixed
with accelerator and hardener at the mass ratio 1:1%:0.25%.
The reinforced material was unidirectional glass ﬁber cloth, and
the density was 300 g/m2.
2.2 Manufacturing
To characterize the mechanical behavior of SMAs hybrid
composite, a series of SMA/glass/resin laminates was fabri-
cated by VARI. The fabricated process and setup was shown in
Fig. 1. As seen, 16-ply glass cloth was stacked as the
antisymmetric laying. The SMAs ﬁber was placed on the
middle plane of laminate, and parallel to each other. A delivery
pipe was located at the entrance to ensure the resin mixture
ﬂowing uniformly. The laminate was placed on a glass tool, and
covered with the peel ply, silk ply, and plastic bag. After resin
infusion, curing at ambient temperature and the vacuum level of
600 mbar was performed for 24 h. It should be mentioned that
the draw speed of resin mixture should be low enough to ensure
the resin uniform distribution in laminate. Additionally, to
facilitate good adhesion between wires and resin of the host
material, the wires surface was polished by sanding, thor-
oughly cleaned by acetone and purged the stain by ultrasonic
cleaner before being embedded in host material.
2.3 Interface Observation
It has been conﬁrmed that due to the discrepancy in material
compatibility, usually there were many weak interfaces between
SMAs ﬁber and hybrid matrix (Ref 4). Thus, to evaluate the
quality of interfacial adhesion between SMAs ﬁber and matrix,
SEM was conducted on the hybrid composite specimens in the
present study.
2.4 Tensile Test
Four types of specimens (as seen in Fig. 2) were cut from
the square panels using a diamond saw blade cutting machine
along the direction of SMAs ﬁber axial, including glass/resin
matrix, single-SMAs-, three-SMAs-, and ﬁve-SMAs-ﬁber
hybrid plates. The specimen dimension was 2009 269
3.5 mm, and the calibrating length was 100 mm. Uniaxial
tensile tests were performed at ambient temperature, and four
specimens per type. A constant strain-controlled loading was
selected, and the cross-head speed was 2 mm/min.
3. Theoretical Model
3.1 Thermo-mechanical Model of SMAs Fiber
As known, several constitutivemodels have been developed to
predict the thermo-mechanical behavior of SMAs, such as Tanaka
model (Ref 21), Liang-Rogers model (Ref 22), Boyd-Lagoudas
model (Ref 23), and Brinson model (Ref 24). In the present paper,
the Brinsons model will be utilized. It should be noted that the
martensite volume fraction (denoted as n) in this model was
divided into two parts: stress-induced (ns) and temperature-
induced (nT). The basic equation and relation for super-elastic
SMAs model are summarized in this section as follows.
Fig. 4 Stress-strain curves of glass/resin matrix and SMAs
composite at ambient temperature
Fig. 5 Stress-strain curves of SMAs ﬁber and single-SMAs ﬁber
composite at ambient temperature
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The increment constitutive equation is expressed as
r r0 ¼ EðnÞe Eðn0Þe0 þ XðnÞns  Xðn0Þn0 þHðT  T0Þ
ðEq 1Þ
where E, X, and H denote the elastic modulus, phase trans-
formation modulus, and thermal modulus, respectively. r, e,
and T are the stress, total strain, and temperature, respectively.
The superscript 0 refers to the initial reference state.
Due to the difference in mechanical properties between
austenite phase and martensite phase, the modules of SMAs are
assumed as a linear function of martensite volume fraction and
expressed as
EðnÞ ¼ Ea þ ðEm  EaÞn
XðnÞ ¼ eLEðnÞ





where Ea and aa are the elastic modulus and thermal expan-
sion coefﬁcient in austenite phase; similarly, Em and am refer
to the modulus in martensite phase. eL is a material constant
deﬁned as the maximum memory strain which can be
obtained through uniaxial tensile test.
In addition, the evolution of martensite volume fraction
containing of two processes: conversion of austenite phase into
martensite phase and conversion of martensite phase into
austenite phase. The evolution equations are expressed as
From austenite phase into martensite phase:
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where rcrs and r
cr
f are the critical stress at both start and ﬁnish
of transformation. Cm and Ca are the material constants describ-
ing the relationship between temperature and critical transfor-
mation stress. Ms, Mf, As, and Af are the phase transformation
start and ﬁnish temperature in austenite and martensite, respec-
tively. aa is a material constant, and equal to p/(AfAs).
3.2 Effective Modulus of SMAs Composite
It has been demonstrated that the macroscopic mechanical
response of composite will be signiﬁcantly changed due to the
embedment of SMAs ﬁber. To estimate the effective modulus
of reinforced composite, the ROM has been commonly used
which can be derived from strain energy theory. Fathollah et al.
(Ref 5) suggested an ROM equation for the SMAs hybrid
composites which is based on the assumption of perfect
interface between ﬁber and matrix as
Table 1 Material parameters for calculation obtained from experiment
SMAs Ea 94.4 GPa Ca 7.5 As 279.5 K rcrs 365.9 MPa
Em 58.4 GPa Cm 9.3 Af 287.1 K rcrf 412.7 MPa
eL 3.37% aa 0.413 K
1 Ms 280.7 K ruf 950.1 MPa
efmax 4.91% am 0.135 K
1 Mf 257.4 K Vf 0.27




Fig. 6 Comparison of macroscopic elastic modulus between theoretical
and experimental results
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Ec ¼ VfEf þ VmEm ðEq 6Þ
Ec, Ef, and Em are the elastic modulus of composite, SMAs
ﬁber, and glass/resin matrix, respectively. Vf and Vm are
respectively, the volume fraction of SMAs ﬁber and matrix,
and they should satisfy the relation of Vf + Vm = 1.
Substituting Eq 2 into Eq 6, the elastic modulus of SMAs
composite can be obtained and expressed as follows relating to
martensite volume fraction,
Ec ¼ Vf Eaf þ Emf  Eaf
 
n
 þ VmEm: ðEq 7Þ
The ultimate strength ruc of composite is given by
ruc ¼ Vfruf emmax
 þ Vmrum efmax
  ðEq 8Þ
where ruf and r
u
m are the ultimate strength of ﬁber and
matrix, respectively. ruf ðemmaxÞ denotes the strength of ﬁber
corresponding to the macroscopic strain of ﬁber reach to
emmax. This equation means the ultimate strength of composite
is mainly depending to the weak material.
The rupture elongation of SMAs ﬁber composite can be
derived according to the Hookes law, Eq 2-5, 7 and 8. It should
be mentioned that the mechanical behavior of SMAs hybrid
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4. Results and Discussion
4.1 Interface Analysis
The interfacial cohesive quality between SMAs ﬁber and
matrix is shown in Fig. 3. Since the SMAs diameter is about
two times than the nominal ply thickness, thus the localized
waviness in the micrograph can be observed in the region
around SMAs ﬁber as shown in Fig. 3(a). With the increase of
vacuum level, two adjacent glass/resin layers gradually squeeze
SMAs ﬁber, and resin is slowly ﬁlled into the surrounding
region.
Figure 3(b) is the partial enlargement micrograph to eval-
uate the interfacial adhesion quality between SMAs ﬁber and
host material. As seen, the dark region is SMAs ﬁber, while the
bright region is host material. It can be clearly observed that a
small gap surrounding the SMAs ﬁber which has been deﬁned
as ‘‘weak interface’’ in literature (Ref 4). During the loading
process, the ability of composite to effectively support and
transmit loading would be limited by the weak interface. Note
that the phase transformation behavior and mechanical prop-
erties of SMAs ﬁber would be changed due to the hard
constrained of matrix, which has been demonstrated by Jiang
et al. (Ref 25) using differential scanning calorimeter and
thermal dilatation analyzer. However, the effect of constrain
was not taken into account in the present study.
4.2 Bilinear Behavior of SMAs Composite
The macroscopic stress-strain curves of glass/resin matrix
and SMAs ﬁber-reinforced composite are shown in Fig. 4 when
subjected to uniaxial loading at ambient temperature. It can be
found that the mechanical behavior of glass/resin matrix
appears to be an approximately linear relationship at the initial
stage of strain, and then it performs a transient plastic yielding.
The elastic modulus of glass/resin matrix is 9.95 GPa, and the
ultimate strength is about 468.3 MPa. In addition, it can be
found that the effect of SMAs ﬁber on the mechanical response
is signiﬁcant through observing the curves of composite. An
approximately bilinear mechanical behavior during the loading
process is exhibited. The overall elastic modulus, ultimate





c , %First stage Second stage
Single-SMAs-ﬁber (Vf = 0.22%) Experimental 12.65 GPa 8.83 GPa 469.1 MPa 5.25
Theoretical 10.14 GPa 10.06 GPa 469.2 MPa 4.67
Enhancement 24.75% 12.23% 0.02% 12.42
Three-SMAs-ﬁber (Vf = 0.65%) Experimental 13.82 GPa 9.18 GPa 486.0 MPa 5.16
Theoretical 10.5 GPa 10.26 GPa 470.8 MPa 4.6
Enhancement 31.62% 10.53% 3.23% 12.17
Five-SMAs-ﬁber (Vf = 1.08%) Experimental 14.54 GPa 9.56 GPa 501.2 MPa 5.10
Theoretical 10.86 GPa 10.47 GPa 472.5 MPa 4.51
Enhancement 33.89% 8.69% 6.07% 13.08
Fig. 7 Comparison of macroscopic rupture elongation between
theoretical and experimental results
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strength, and rupture elongation of composite was gradually
changed with the embedment of SMAs ﬁber.
To clarify the mechanism of SMAs ﬁber, the comparison
stress-strain curves between glass/resin matrix and single-
SMAs ﬁber composite was shown in Fig. 5. As seen, it can be
found that the unique bilinear behavior of composite is related
to the phase transformation of SMAs ﬁber. In present study, the
stage is separated into two parts: ﬁrst stage is the macroscopic
strain from zero to the starting point of phase transformation,
and the subsequent stage is deﬁned as the second stage. At the
ﬁrst stage, from e = 0 to e = 0.42%, the SMAs ﬁber and glass/
resin matrix are all at the linear elastic state. When the strain in
excess of 0.42%, the interior stress of SMAs ﬁber will increase
to the critical phase transformation stress, and then it will
gradually transform from austenite phase to martensite phase.
Owing to the change of mechanical properties of SMAs ﬁber,
the overall behavior of composite is changed. Thus, we deﬁne
the effect process of phase transformation as the second stage.
Fathollah et al. (Ref 5) investigated the mechanical behavior of
hybrid composite plate subject to static loading, and deﬁned a
bilinear macroscopic relation which were coincident with the
experimental results in this paper.
4.3 Effective Modulus of SMAs Composite
To estimate the effects of SMAs ﬁber and weak interface on
the macroscopic response of SMAs composite, the effective
modulus of SMAs composite, including elastic modulus,
rupture elongation, and ultimate strength, are compared
between experimental results and theoretical results. The
material parameters of SMAs ﬁber and glass/resin matrix for
theoretical calculation obtained from experimental tests are
listed in Table 1. For SMAs ﬁber, the elastic modulus of pure
martensite and austenite phase are, respectively, 58.4 and
94.4 GPa. The ultimate strength and rupture elongation are
about 950.1 MPa and 4.91%, respectively. The critical phase
transformation stresses at ambient temperature are 365.9, 412.7,
98.83, and 61.51 MPa, respectively.
The elastic modulus of SMAs composite with different number
of embedded SMAs ﬁber at the two stages are calculated by Eq 3-5
and 7. For the single-SMAs-, three-SMAs-, and ﬁve-SMAs-ﬁber
composite, the volume fraction of SMAs ﬁber is 0.22, 0.65, and
1.08%, respectively. Figure 6 shows the comparison of overall
elastic modulus between theoretical results and experimental
results. It is obvious that the elastic modulus of composite are
remarkably increased to 12.65, 13.82, and 14.54 GPa at the ﬁrst
stage as shown in Fig. 6(a). In contrast to theoretical results, the
values are enhanced by approximately 30%. It indicates the
bonding interface between SMAs ﬁber and matrix is effective and
could effectively transfer the external loading. For the second stage
as shown in Fig. 6(b), the elastic modulus values of composite,
respectively, are 8.83, 9.18, and 9.56 GPa which are lower than
theoretical results up to 12.23%, especially for the single-SMAs-
ﬁber composite. It should be noted that the overall stiffness of
composite is slightly lower than glass/resin matrix. This is mainly
due to that some micro-cracks are generated in local region of
hybrid compositewith the increase of strain,whichwill result in the
degradation of stiffness. The phenomenon is attributed to the
presence ofweak interfacewhich has been observed in experiment.
Actually, the overall stiffness of composite is gradually increased
with the volume fraction of SMAs ﬁber. As seen, for the ﬁrst stage,
it is increased from 12.65 to 14.54 GPa, enhanced by 14.94%; for
the second stage, it is enhanced by 8.27% from 8.83 to 9.56 GPa.
It has been conﬁrmed that the volume fraction ofﬁber played an
important role in enhancing the overall strength and fracture
toughnessof composite. The theoretical results of ultimate strength
and rupture elongation for SMAs composite are calculated byEq 8
and 9, as shown in Table 2. Figure 7 shows the comparison of
rupture elongation for SMAs composite between theoretical and
experimental results. Square dots denote the experimental results,
andcircle dots denote the theoretical results. It canbe found that the
overall fracture toughness of composite is obviously improved due
to the embedded SMAs ﬁber, in contrast to glass/resin matrix. It is
owing to the SMAsﬁber can effectively prevent crack propagation
within matrix material. However, the values are slightly decreased
from 5.25, 5.16, to 5.1%with the increase of SMAs ﬁber number,
which tends to the maximum strain of SMAs ﬁber. Moreover, the
experimental results are approximately 13% higher than theoret-
ical results. Zhang et al. (Ref 9) investigated the mechanical
properties of composite ﬁlled with SMAs short ﬁber through
ﬂexural testing, and found that the fracture deﬂection of SMAs
ﬁller composite decreased with increasing SMAs ﬁller weight
contentwhichwas similar to the present results. The comparison of
ultimate strength for SMAs composite is shown in Fig. 8. For the
single-SMAs-ﬁber composite, the ultimate strength is only
469.1 MPa which is closer to theoretical results and glass/resin
matrix. It indicates that the overall strength of composite is
depending on the glass/ resin matrix in the lower volume fraction
of SMAs ﬁber. With the increase of SMAs ﬁber number, the
strength is improved from 468.3 to 469.1 MPa, 486 and
501.2 MPa. This is mainly due to the strength of SMAs ﬁber
and was far higher than matrix material at ambient temperature.
Additionally, the theoretical result of ultimate strength is slightly
lower than experimental. For the ﬁve-SMAs-ﬁber composite, the
difference is about 6.07%.
4.4 Failure Morphology Analysis
For the fracture failure of ﬁber-reinforced material, it might be
attributed to the matrix cracking, ﬁber fracture, ﬁber-matrix
interfacial debonding, and their combinations. In this section, the
failure mode of SMAs ﬁber-reinforced composite is evaluated
through observing the failure surface using digital HF micro-
scope at ambient temperature. Figure 9 shows the typical failure
morphologies. For the unidirectional SMAs ﬁber-reinforced
composite, the longitudinal fracture strain is controlled by the
Fig. 8 Comparison of macroscopic ultimate strength between
theoretical and experimental results
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glass/resin matrix and SMAs ﬁber. As seen in Fig. 9(a) and (b), a
V-shape fracture surface is formed at the end of failed glass/resin
matrix material, due to the presence of glass cloth layers laying
angle of 45 and 45. In Fig. 9(c), a part of SMAs ﬁber has
been pulled out from the glass/resin matrix, and the matrix is
damaged. It mainly due to the stiffness or strength of glass/resin
matrix and is lower than SMAs ﬁber. When the longitudinal
strain of hybrid composite is increased to ultimate strength, the
glass/resin matrix will gradually damage. Meanwhile, the
interfacial shear stress will combine with the normal stress of
SMAs ﬁber subject to external load. However, due to the
interfacial cohesive between SMAs ﬁber and glass/resin matrix is
weak, thus the interface will gradually debonded, and the SMAs
ﬁber would be pulled out from the composite. Note that it has
been conﬁrmed that stress concentration would be occurred near
the cross-head around the SMAs ﬁber due to the non-uniformity
of hybrid composite. This leads to SMAs ﬁber fracture during
the process of loading as shown in Fig. 9(d). Additionally, with
the increase of the longitudinal strain, the weak interface
gradually debonded attributing to the strain incompatibility
along the interface, then the glass/resin layers would fracture and
the composite lost load capacity as seen in Fig. 9(e) and (f). In
summary, the observed results indicate that the macroscopic
fracture behavior of SMAs composite would be changed due to
the effect of SMAs ﬁber and weak interface cohesive.
5. Conclusions
In present study, the macroscopic mechanical behavior of
SMAs ﬁber-reinforced glass/resin composite subject to uniaxial
loading at ambient temperature was investigated through
theoretical analysis and experimental tests. Based on the
experimental and theoretical analyses, the following observa-
tion can be drawn:
Fig. 9 Failure morphologies of glass/resin matrix and SMAs-reinforced composite
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(a) Due to the effect of phase transformation of SMAs ﬁber,
a bilinear mechanical behavior of composite is exhibited.
Weak interface is presence between SMAs ﬁber and
matrix due to the discrepancy in material compatibility.
(b) The overall stiffness of composite at the second stage is
on average 10% lower than theoretical results, owing to
the inﬂuence of weak interfacial cohesive. The rupture
elongation of experimental result is approximately 13%
higher than theoretical result.
(c) The macroscopic fracture behavior of SMAs composite
is changed due to the effect of SMAs ﬁber and weak
interface cohesive. The local interfacial debonding is the
main failure mode.
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